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Abstract
Design studies for a Super Flavor Factory (SFF), an asymmetric energy e+e−
collider utilizing International Linear Collider (ILC) techniques and technology,
are in progress. The capablity to run at
√
s = 3.770 GeV could be included in
the initial design. This report discusses the physics that can be probed with
luminosity of 1035 cm−2s−1 near τ -charm threshold.
1 Introduction
Design studies for a Super Flavor Factory (SFF), an asymmetric energy e+e−
collider utilizing International Linear Collider (ILC) techniques and technology,
are in progress 1). Energy flexibility is an important component of the design.
Luminosities of 1036 cm−2s−1 at the Υ(4S) and 1035 cm−2s−1 at the ψ(3770)
are expected. This report summarizes the physics that can be probed at a τ -
charm threshold. The physics case for a Super τ -charm Factory (1035 cm−2s−1)
or equivalently the case for designing the SFF with the capability to run at
energies nearDD threshold must be evaluated relative to the physics reach with
the enormous τ and charm samples available from
√
s = 10.58 GeV running
as well as anticipated data samples from CLEO-c 2) and BESIII 3). The
physics to be probed generally falls into two cateogories: (1) Probes of QCD to
enhance or validate the theoretical control over QCD. This program will likely
be completed with CLEO-c and BESIII (except for charm baryon studies). (2)
Searches for physics beyond the Standard Model. This program will not be
completed by CLEO-c and BESIII.
The two existing asymmetric B-factories, BABAR at PEP-II and Belle
at KEKB, have operated since 1999. PEP-II is running with peak lumi-
nosity of 10.0 × 1033 cm−2s−1 and KEKB with peak luminosity of 15.8 ×
1033 cm−2s−1 both at the Υ(4S). The total integrated luminosity recorded by
BABAR, 330 fb−1, and Belle, 500 fb−1, includes nearly 109 BB¯ pairs. Also
included in this data sample are nearly 109 τ -pairs and 4× 109 charm mesons.
CLEO-c at CESR has been accumulating data in the charm threshold
region since 2003. CESR is running with a peak luminosity of 7×1031 cm−2s−1.
Data samples of 30 million ψ(2S), 750 pb−1 at ψ(3770), and 750 pb−1 at√
s = 4170 MeV are anticipated before shutdown in 2008. This corresponds to
a sample of 2.7 million D0D0 pairs and 2.1 million D+D− from ψ(3770). The
higher energy data sample includes a comparable number of D mesons plus
700,000 D∗+s D
−
s +D
+
s D
∗−
s . BESIII at BEPCII expects first e
+e− collisions at
the end of 2007 and design luminosity, 0.6× 1033 cm−2s−1 at the J/ψ, by the
end of 2008. Large charmonium samples, 10× 109 J/ψ and 3× 109 ψ(2S), are
anticipated, however the τ and charm meson samples will still be much smaller
than those from existing B-factories.
The physics output of a Super Flavor Factory may be maximized by
including energy flexibility in the design of both the accelerator and the detec-
tor. Assuming the facility is optimized for asymmetric collisions at Υ(4S), little
performance degradation is expected for center-of-mass energies ranging from
Υ(1S) to Υ(5S). Including in the initial design the flexibility to run at energies
in the τ -charm threshold region requires further study. Some open questions
include: (1) Should low energy running be symmetric or asymmetric? (2) Is
the low energy physics reach compromised by a detector optimized for high
energy running? (3) Is there a physics need for the low energy data given the
enormous τ and charm samples produces at
√
s = 10.58 GeV?
2 The Advantages of Threshold Production
The production rate of charm during threshold running at a Super Flavor
Factory and Υ(4S) running is comparable. Although the luminosity for charm
threshold running is expected to be an order of magnitude lower, the production
cross section is 3 times higher than at
√
s = 10.58 GeV. Charm threshold
data has distinct and powerful advantages over continuum and b → c charm
production data accumulated above B production threshold.
Charm Events at Threshold are Extremely Clean: The charged and
neutral multiplicites in ψ(3770) events are only 5.0 and 2.4 - approximately
1/2 the multiplicity of continuum charm production at
√
s = 10.58 GeV.
Charm Events at Threshold are pure DD: No additional fragmentation
particles are produced. The same is true for
√
s = 4170 MeV production of
DD
∗
, D+s D
−
s , and D
+
s D
∗−
s . This allows use of kinematic constraints, such as
total candidate energy and beam constrained mass, and permits effective use
of missing mass methods and neutrino reconstruction. The crisp definition of
the initial state is a uniquely powerful advantage of threshold production that
is absent in continuum charm prodution.
Double Tag Studies are Pristine: The pure production of DD states, to-
gether with low multiplicity and large branching ratios characteristic of many
D decays permits effective use of double-tag studies in which one D meson
is fully reconstructed and the rest of the event is examined without bias but
with substantial kinematic knowledge. The techniques pioneered by Mark III
and extended by CLEO-c 4) allow precise absolute branching fraction deter-
mination. Backgrounds under these conditions are heavily suppressed which
minimizes both statistical errors and systematic uncertainties.
Signal/Background is Optimum at Threshold: The cross section for
the signal ψ(3770) → DD is about 1/2 the cross section for the underlying
continuum e+e− → hadrons background. By contrast, for cc¯ production at√
s = 10.58 GeV the signal is only 1/4 of the total hadronic cross section.
Neutrino Reconstruction: The undetected energy and momentum is inter-
preted as the neutrino four-vector. For leptonic and semileptonic charm decays
the signal is observed in missing mass squared distributions and for double-
tagged events these measurements have low backgrounds. The missing mass
resolution is about one pion mass. For semileptonic decays the q2 resolution
is excellent, about 3 times better than in continuum charm reconstruction at√
s = 10.58 GeV. Neutrino reconstruction at threshold is clean.
Quantum Coherence: The production of D and D in a coherent C = −1
state from ψ(3770) decay is of central importance for the subsequent evolution
and decay of these particles. The same is true for DD(n)π0(m)γ produced at√
s ∼ 4 GeV where C = −1 for even m and C = +1 for odd m. The coherence
of the two initial state D mesons allows both simple and sophisticated methods
to measure DD mixing parameters, strong phases, CP eigenstate branching
fractions, and CP violation 5, 6, 7, 8, 9).
3 Physics Reach of Low Energy Running
The low energy data at a Super Flavor Factory can be used to improve our
knowledge of QCD, the Standard Model (SM), and search for New Physics
(NP) with the study of the τ lepton, charmonia, total hadronic cross section,
charm mesons, and charm baryons.
3.1 τ Studies
Studies of the τ lepton include measurement of absolute branching fractions,
precision determination of τ properties - mass, lifetime, and dipole moment - to
probe CPT and CP violation, lepton universality, measurements of hadronic
currents - to probe QCD, measure Vus and ms, searches for CP violation in
weak τ decays, and searches for rare or Standard Model forbidden decays such
as lepton flavor violation 10). The τ mass determination benefits from the
constrained kinematics of threshold production but will likely be limited by
knowledge of the beam energy to ±0.1 MeV at BESIII. This precision can
be compared with the statistical error expected in 100 ab−1 of ±0.023 MeV.
Improved constraints on the τ neutrino mass in the range of 1-5 MeV might
be attainable at threshold. The τ lifetime cannot be measured in symmetric
collisions at threshold. The choice of energy for the rest of the τ program is
driven by the need for large statistics. The τ -pair production cross section
is 0.89 nb at Υ(4S) and 1.2 nb at threshold. Combined with the expected
luminosities there is no compelling reason to run at τ threshold.
3.2 Charmonium Physics at the J/ψ Resonance
The design luminosity at a Super Flavor Factory at the J/ψ resonance could
exceed the design luminosity at BESIII by an order of magnitude. The BESIII
samples will be orders of magnitude larger than current BES samples. It is
challenging to predict quantitatively the sensitivities that can be achieved with
the 1012 J/ψ sample that might be accumulated at the Super Flavor Factory.
Below are described some of the physics topics that can be elucidated.
J/ψ →VS Transitions: The primary motivation for acquiring a large J/ψ
sample is the study of glueballs. More generally, it is the study of scalar (JPC=
0++) and tensor (JPC = 2++) mesons produced in radiative J/ψ decay. The
Particle Data Group lists three light isoscalar mesons, the f0(1370), f0(1500),
and f0(1710) while the quark model predicts two in this mass region. There
is a strong bias that one of the f0 is the glueball or that the three observed f0
mesons are mixtures of the glueball and the two qq¯ states. The double radiative
decay J/ψ → γf0 followed by f0 → γρ, γφ 11, 12) and the decay J/ψ →
V f0
12, 13, 14, 15) may elucidate the glueball content of the f0 mesons.
Exclusive J/ψ Branching Fractions: Models of charmonium make definite
predictions for the ψ(2S) branching fractions based on J/ψ decay rates. Ex-
clusive branching fractions are not well measured. A systematic program of
precision J/ψ branching ratio measurements is desirable to test and improve
our understanding of charmonium. Hadronic decays to charmless final states
account for 87% of J/ψ decay - only 40% of that is measured exclusively.
Leptonic J/ψ Decays: The J/ψ is commonly identified through its decay to
leptons. The relative branching ratios of J/ψ to leptons are known to 1% and
do not pose a precision barrier to other measurements. The only exception is
in the determination of Γee(J/ψ) through ISR
16).
Threshold Enhancements: BES reported an enhancement in the M(pp¯)
spectrum in J/ψ → γpp¯ decays which they attribute to a sub-threshold reso-
nance, the mass (1859 MeV) and width (Γ < 30 MeV at 90% C.L.) of which
are not consistent with any known particle hence it is called the X(1860) 17).
An enhancement observed by BES in the π+π−η′ spectrum in J/ψ → γπ+π−η′
may confirm this observation 18). However, the enhancement is not observed
in J/ψ → π0pp¯ decays at BES or in Υ(1S)→ γpp¯ decay at CLEO 19). BES has
observed additional threshold enhancements 20, 21). BESIII will accumulate
a significant J/ψ data sample which may clarify the situation.
3.3 Charmonium Physics at the ψ(2S) Resonance
The design luminosity at a Super Flavor Factory at the ψ(2S) resonance could
exceed the design luminosity at BESIII by an order of magnitude. The BE-
SIII samples will be orders of magnitude larger than current BES (58 million)
and anticipated CLEO-c (30 million) samples. It is challenging to predict the
physics issues to be addressed with 1012 ψ(2S) sample accumulated at the SFF.
Radiative ψ(2S) Transitions: The ηc, the charmonium ground state, is
of particular interest since its bottomonium counterpart is unobserved exper-
imentally. The ηc mass and width have been determined utilizing multiple
production mechanisms but without good agreement. Additionally, the exclu-
sive decay modes measured account for about 25% of the total with substantial
uncertainties. Relating the ηc branching fractions to the corresponding mea-
surements on the η′c tests our models of charmonium. Although ηc production
rate is greater from radiative J/ψ decay, data accumulated at the ψ(2S) allows
for both ψ(2S)→ γηc and ψ(2S)→ γη′c processes.
Exclusive ψ(2S) Branching Fractions: Models of charmonium make def-
inite predictions for the ψ(2S) based on J/ψ decay rates. Exclusive branch-
ing fractions are not well measured. A systematic program of precision ψ(2S)
branching ratio measurements at CLEO-c and BESIII will test our understand-
ing of charmonium.
Properties of hc(1
1P1): In 2005, CLEO reported first observation of the
hc
22, 23). The hc is the last of the eight bound states of charmonium ex-
pected to lie beneath open charm threshold. Precision determination of the
properties of the hc, mass, width, branching fractions will improve our under-
standing of the QCD potential – in particular, measuringM(hc) relative to the
center of gravity of the χcj states. Predictions using a number of theoretical
models 24, 25) span a wide range of values and therefore precise measurements
of the hyperfine splitting can distinguish among models. A precision of better
than 0.1 MeV on M(hc) and 0.2 MeV on Γ(hc) is expected from a sample of
300 million ψ(2S) - 10% of the sample anticipated in one year at BESIII.
J/ψ Sample from ψ(2S): A large J/ψ sample can be obtained through the
cascade production from ψ(2S) decays to π+π−J/ψ with B = 33.5%. This
reduces and perhaps eliminates the need for running at the J/ψ.
χcj Sample from ψ(2S): The ψ(2S) is a factory for producing χcj through
ψ(2S) → γχcj. The branching ratios are around 9% and photon detection
efficiencies (after π0 suppression) are about 50% so that one detectable each of
χc0, χc1 and χc2 are produced for every 20 ψ(2S). Hadronic decay of the χcj
offer a number of interesting measurements (1) study of mesons with manifestly
exotic quantum numbers through the Dalitz plot analysis of χcj → ηππ (2)
study of the quark content of the three isoscalar mesons, f0(1370), f0(1500),
and f0(1710). Since f2(1270) is nearly entirely uu¯, dd¯ and the f
′
2(1525) is
nearly entirely ss¯, these two narrow resonances can be used to tag the flavor
of the f0. Therefore comparing the relative rates of χc2 → f2(1270)f0 and
χc2 → f ′2(1525)f0 can shed light on the quark content of the f0 in question. (3)
Multibody charmonium decays access most of the kinematic range accessible to
B decays. Improved modeling of ππ, Kπ, KK S-wave in charmonium samples,
such as χc0 → π+π−K+K− 26), will enable precision measurements of CKM
angles α, β, and γ. Specifically, understanding the ππ S-wave is important for
the determination of α (B0 → π+π−π0) and γ (B− → DK−, D → K0Sπ+π−),
understanding the Kπ S-wave is important for the detemination of γ (B− →
DK−, D → K0SKπ), and the understanding of the KK S-wave is important of
the detemination of β using b→ s penguin processes (B → K0SK+K−).
The M2/E1 Ratio for χcj → γJ/ψ: The transitions χc1 → γJ/ψ and
χc2 → γJ/ψ can each proceed through either an E1 orM2 transition. Current
measurements are at odds with theoretical expectations 27, 28). The BESIII
sample of ψ(2S) will be sufficient to conclusively measure this multipole ratio.
3.3.1 Using ψ(2S) Running as Calibration Data
Data taken at the ψ(2S) has a utilitarian value. The processes ψ(2S) →
π+π−J/ψ, π0π0J/ψ, and γχcj are particularly useful. They provide hadron
and photon spectra of known momenta that are useful for measuring recon-
struction efficiencies in data, Monte Carlo tuning, and detector calibration.
Such data, taken at intervals interspersed between higher energy running, can
be used for monitoring software and detector performance, leading to better
control of systematic uncertainties for studies of τ and charm at threshold.
3.4 Charmonium Physics above cc¯ Threshold
The total e+e− cross section and R measurement: The BES measure-
ments of the total cross section of e+e− annihilation to hadrons or R scan
from 85 energy points between 2 and 5 GeV have an average statistical error of
6.6% and a systematic uncertainty of 3.3% using about 70 nb−1 per point 30).
The CLEO measurement of R with an accuracy of 2% in the vicinity of the
Υ(4S) 31) and recent progress in the calculation of radiative corrections to-
gether with the hermeticity of the BESIII detector allows one to expect a sys-
tematic uncertainty of about 1% below and 2-4% above open charm threshold.
A second approach to measuring R in the 2-5 GeV range uses initial state
radiation (ISR) from 10.58 GeV 32). This approach should be competitive
with results from the R scan. Existing data samples from BABAR and Belle
are expected to be limited by systematic uncertainties to a precision of a few
percent. If further advances in the calculation of radiative corrections enable R
measurements with sub-percent precision the ISR data from the Υ(4S) running
of a SFF will have more than sufficient statistics for the R measurement.
cc¯ Hybrids, Y (4260) and Other Resonances: The region at center-of-
mass energies above open charm production threshold is of great interest to
theory due to its richness of cc¯ states, the properties of which are not well-
understood. Prominent structures in the hadronic cross section are the ψ(3770),
ψ(4040), and ψ(4160). A dedicated scan, 1 fb−1/per energy point at 100 energy
points, to search for hybrid cc¯ mesons coupling directly to e+e− through a
virtual photon or produced in decay products of charmonia represented by the
structure in the hadronic cross section would require 100 days of SFF running.
Recently, observations of new charmonium-like states decaying to open-
charm have been reported in this energy region. Additionally, an enhancement,
the Y (4260), in the invariant mass spectrum of π+π−J/ψ has been observed
by BABAR in ISR 33) and in B → K(π+π−J/ψ) 34). This observation was
confirmed by CLEO is both ISR (π+π−J/ψ) 35) and in e+e− collision at√
s = 4260 MeV (π+π−J/ψ, π0π0J/ψ, K+K−J/ψ) 36). These observation
help distinguish among the many models predicting properties of the Y (4260).
3.5 D0, D+, and D+s Decays
Leptonic Charm Decays - D+ → ℓ+ν, D+s → ℓ+ν: For the muonic decays,
CLEO-c and BESIII, will determine the decay constants fD and fDs , to preci-
sion of 1%. The decay constants measure the nonperturbative wave function of
the meson at zero inter-quark separation. In the Standard Model the relative
widths for τ+ν, µ+ν and e+ν are 2.65 : 1: 2.3×10−5. Comparison of electronic,
muonic and tauonic rates 37, 38, 39) tests for physics beyond the SM.
Exclusive Semileptonic Charm Decays - D → (K,K∗,Kπ)ℓν, D →
(π, η, ρ, ω, ππ)ℓν, Ds → (η, φ)ℓν, Ds → (K,K∗,Kπ)ℓν, and Λc → Λℓν: Ab-
solute branching ratios, for the D and Ds, will be measured to ∼ 1% and the
form factor slopes to ∼ 2% by CLEO-c 40, 41, 42) and BESIII. Threshold
production enables form factor measurements with improved resolution over
the full range of q2. Semileptonic decay rates and accurate knowledge of form
factors are required for CKM elements |Vub|, |Vcb|, |Vcd|, and |Vcs|.
Inclusive Semileptonic Charm Decays - D → ℓX, Ds → ℓX, and
Λc → ℓX: Inclusive branching ratios, for the D and Ds, will be measured
to ∼ 1% by CLEO-c 29) and BESIII. Inclusive spectra have three advantages
compared to semileptonic branching fractions as a probe of theory: (1) Theoret-
ical interpretation is cleaner as spectra are independent of the hadronic width.
(2) Spectra contain both shape and rate information. (3) Non-perturbative
effects are pronounced in the lepton endpoint region. Low backgrounds associ-
ated with tagged events at threshold enable inclusive semileptonic studies. The
theoretical description of semileptonic decays in the charm sector, coupled with
heavy quark symmetry, will improve the description of semileptonic B decays
and the determination of Vub and Vcb.
Hadronic Charm Decays: CLEO-c and BESIII will measure the branch-
ing fractions for the normalizing modes D0 → Kπ, D+ → K−π+π+, and
D+s → K+K−π+ to a precision of less than 1% 4, 43). Sensitivity to Cabibbo
suppressed modes, D → (n)π(m)π0, at 10−5− 10−6 level 44, 43) and indepen-
dent measurements of D → K0SX and D → K0LX are possible at threshold due
to low backgrounds and constrained kinematics with these data samples.
3.6 Impact on CKM physics
Determination of Vub: Limited by form factor calculations to ∼ 13%. Im-
proving form factor calculation methods in the charm decays D → πℓν and
D → ρℓν with data from CLEO-c will enable 5% precision in |Vub|. Im-
proved understanding of weak annihilation contributions to inclusive semilep-
tonic charm decay will improve the extraction of Vub from inclusive semileptonic
B meson decay. Improvement will be possible with the BESIII data sample.
Determination of Vtd and Vts: Limited by ignorance of fB
√
BBd and
fBs
√
BBs . Determining |Vtd| and |Vts| from B mixing measurements requires
improved determination of fB and fBs . Precision measurements of fD, fDs and
fD/fDs at CLEO-c and BESIII will enable the necessary theoretical advances.
Determination of Vcd and Vcs: Currently known to ∼10% level by direct
measurement. CLEO-c is measuring absolute branching ratios of leptonic and
semileptonic decays from which |Vtd| and |Vts| can be determined with few
percent accuracy. Again form factor and decay constant calculations must
achieve comparable precision for the few percent precision on CKM parameters
to be realized. These measurements will enable Unitarity tests of the CKM
matrix. Data from BESIII will enable additional improvement.
Determination of Vcb: Presently limited by several factors including theo-
retical control of form factors and experimental determination of B(D→Kπ).
CLEO-c will drive form factor technology and will measure the normalizing
hadronic charm branching ratios at the percent level. Precision of 3% in Vcb
is expected. Improved precision using BESIII data will require theoretical
advances to better estimate corrections to form factors. The inclusive determi-
nation of Vcb will benefit from better knowledge of the inclusive lepton spectra
which refine modeling of the “cascade” decays b→ c→ sℓν.
CKM Angle γ/φ3: Measurement of the CKM angle γ/φ3 is challenging. Sev-
eral methods have been proposed using B∓ → DK∓ decays; (1) the Gronau-
London-Wyler (GLW) 45) method where the D decays to CP eigenstates (2)
the Atwood-Dunietz-Soni (ADS) 46) method where the D decays to flavor
eigenstates and (3) the Dalitz-plot method 47) where the D decays to a three-
body final state. Uncertainties due to charm contribute to each of these meth-
ods. A variety of charm measurements impact the determination of γ/φ3 from
the Υ(4S): (1) Improved constraints on charm mixing amplitudes - important
for GLW, (2) Measurement of the relative rate and relative strong phase δ
between D0 and D0 decay to K+π− - important for ADS, and (3) studies of
charm Dalitz plots tagged by hadronic flavor or CP eigenstates. Charm thresh-
old data is necessary for the measurement of δ and the study of CP tagged
Dalitz plots. Only 1 fb−1 of charm threshold data is required to measure cos δ
to ±0.1 6) which will be accomplished by CLEO-c and BESIII. The CKM an-
gle γ/φ3 will be measured to 1
o (statistical) with 100 ab−1 of SFF data. The
sample of 30 fb−1 at charm threshold - expected from BESIII - is needed to
limit Dalitz-plot systematic uncertainties to 1o 48).
4 D Mixing, CP Violation, and Rare Charm Processes
D0 − D¯0 Mixing: Neutral flavor oscillation in the D meson system is highly
suppressed within the SM. The time evolution of a particle produced as a
D0 or D¯0, in the limit of CP conservation, is governed by four parameters:
x = ∆m/Γ, y = ∆Γ/2Γ characterize the mixing matrix, δ the relative strong
phase between Cabibbo favored (CF) and doubly-Cabibbo suppressed (DCS)
amplitudes and RD the DCS decay rate relative to the CF decay rate
49).
The mass and width differences x and y can be measured in a variety of ways.
The most precise limits are obtained by exploiting the time-dependence of D
decays 49). A time-dependent analysis of D0 → K0Sπ+π− Dalitz plot 50)
allows simultaneous determination of x and y without phase or sign ambiguity
but with ∼ 4× less sensistivity relative to the time-dependent study of D0 →
K+π− 51). Time-dependent analyses are not feasible at CLEO-c and BESIII;
however, the quantum-coherentD0D¯0 state provides time-integrated sensitivity
to x, y at O(1%) level and cos δ ∼ 0.05 2, 6). Asymmetric collisions near√
s = 4 GeV at a SFF could enable time-dependent measurements.
CP Violation 5, 8): Standard Model CP violation is strongly suppressed
in charm as the effective weak phase is rather small - O(λ4), arising only in
singly-Cabibbo-suppressed transitions where expected CP asymmetries reach
O(0.1%). Significantly larger values would indicate NP. Any asymmetry in
CF or DCS decays requires new physics - except for D± → K0Sπ±, where
the CP impurity due to the K0S induces an asymmetry of 3.3 × 10−3. At√
s = 10.58 GeV, the decay channel D∗± → Dπ± is used to provide a flavor tag
for the D meson. Threshold production provides a CP tag. CP conservation
forbids certain final states from the decay of the D0D0 pair from correlated
production. For C = −1 states produced from ψ(3770)→ DD, the final state
f+f+, such as (K
+K−)(π+π−), is forbidden; For C = +1 states produced from
e+e−(4170MeV) → DDγ, the final state f+f−, such as (K+K−)(K0Sπ0), is
forbidden. The expected sensitivity to direct CP violation with tagged decays
at CLEO-c and BESIII is ∼ 1%; at a SFF it is ∼ 0.1%. There are also methods
to probe CP violation with untagged charm decays 53).
Decays to final states with more than two pseudoscalars or one pseu-
doscalar and one vector meson contain more dynamical information than given
by their widths. Distribution on Dalitz plots or T odd moments can exhibit
CP asymmetries considerably larger than those for the width. The Dalitz plots
for ψ(3770)→ D0D¯0 → f+KSπ+π− and ψ(3770)→ D0D¯0 → f−KSπ+π− will
be distinct and the Dalitz plot for the untagged sample ψ(3770) → D0D¯0 →
XKSπ
+π− will be distinct from that observed with uncorrelated D’s from con-
tinuum production at ∼ 10 GeV 54). The sensitivity at charm threshold to CP
violation with Dalitz plot analyses has not yet been evaluated. The sensitivity
to CP violation with flavor tagged D0 → K0Sπ+π− at
√
s = 10.58 GeV in
9 fb−1 is in the range (3.5 to 28.4)×10−3 depending on the decay channel 55).
Rare and Forbidden Charm Decays: The Standard Model predicts van-
ishingly small branching ratios for processes such as D → π/K(∗)ℓ+ℓ− which
is GIM suppressed. Rare decays of charmed mesons and baryons provide
“background-free” probes of new physics effects that enhance rare or allow
forbidden processes such as lepton flavor violation (D → Ke+µ−) and lepton
number violation (D+ → K−e+e+). Current limits are O(10−4) to O(10−6)
and are limited by statistics. Limits from BESIII will improve to O(10−7) to
O(10−8) 43). It is noteworthy that long distance dynamics can generate some
of these final states even within the SM such as D+ → φπ+, φ→ e+e−, µ+µ−.
In these cases distinguishing NP from SM contributions will be a challenge.
4.1 Charm Baryons
The absolute scale for charm baryon decays decays is not well determined. To
date, the measurements of the charm baryon absolute rate are model depen-
dent. The decay mode used to normalize all other decay rates is Λ+c → pK−π+
but it is only known to be (5.0±1.3)% 56). Prospects for improving this situa-
tion are poor without data taken near ΛcΛ¯c threshold where a modest amount
data, 20 fb−1, could measure B(Λc) to within 1% of itself. Semileptonic decays
of charm baryons are also of interest to test our theoretical understanding of
form factors. Measuring Λc is important for understanding of b fragmentation
and the study of Λb which is usually studied in Λb → ΛcX , Λc → pK−π+.
5 Summary
Current questions in τ , open charm and charmonium have been summarized.
For τ physics there is no compelling reason to run near threshold. Charmonium
data samples will increase by several orders of magnitude before a 2011 as
BESIII carries out it physics program. It is difficult to forecast what questions
will remain and new question arise in this area. Although ISR from
√
s =
10.58 GeV renders an R scan unneccessary, the capability to study charm
hybrids and charmonium above open charm threshold with direct production is
desireable. Using open charm produced near threshold to improve the precision
of CKM parameters determined by BABAR, Belle, CLEO-c and BESIII will
require theoretical advances. Searches for D-mixing, CP violation charm and
rare charm decays are driven by statistics. The enormous B and charm samples
available at a Super Flavor Factory at
√
s = 10.58 GeV partially mitigate
the need for charm threshold data. However, there are many advantages to
running at threshold such as lower backgrounds, lower multiplicity, increased
kinematical constraints and quantum coherence. Thus, it is prudent to design
the Super Flavor Factory machine and detector with the flexibility to operate
effetively with center-of-mass energies ranging from J/ψ to Υ(5S). More work
is required and is ongoing to determine whether the benefit of charm threshold
running is worth the cost and effort.
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